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-THE UN+ DIFFRACI’OHETERAT TM -LOS AJMOS -~ jXATTIQUM ~

P. A. Seeger, A. Villiams, and J. Trevhella

,.- Los Alamos National hboratory, Los Alamos, NH 87545, USA

Abstract

Instrument criteria are presented for the Low-Q Diffractometer
(LOD) at the LOS Alamos Neutron Scattering Center (LANSCE), and a
design is shown to meet these criteria. The collimator consists of
●ultiple-aperture pinhole platea, ●nd incorporates “dynamic gravity
focusing” to center all wavelengths on the detector. Preliminary
test results, making use of the Proton Storage Ring, a liquid
hydrogen ❑operator, and tvo different position-sensitive detectors
are shown.

1. Introduction

Since our report at the precedtng ICANS

progress has been ❑ade in the implementation

(K)D) and its position-sensitive detectors.

operated in December, 1985, using the liqui~

❑eetingl) , considerable

of the Lov-Q Diffractometer..
A prototype instrument vas

hydrogen moderator 2) and an
3)Anger camera . First tests of the almost-completed instrument vere made in

September, 1986, using a two-dimensional 3tle proportional counter. The L(3D

is being installed on flight path 10 (the northeast corner) in the existing

experimental hall. Vith the Proton Storage Ring (PSR) operating at 24 Hz,

the flight path of 12.65 m allovs use of neutron wavelengths out to 13 A

before frame overlap, vithout the need for choppers or filter:. An

elevation view of the instrument is shown in fig. 1.

This flight pr.th vievs a liquid hydrogen moderator vhich produces a

neutron spectrum peaked at a wwelongth of 2.4 A but vith usable flux from

0.3 to 15 A. For design purposes vhen ●stimating the 1OV-O limit of the

instrument ve have chosen A - 8 A to represent the maximum wavelength for

obtaining statistically significant results.

The detector resolution and ●fficiency ●r~ aaaumad to be good enough

not to affect optimization. For instance, the proposad larger Anger camera

has an rms resolution better than 1.5 mm, ●nd it vill be digiti=ed in bins

2,3 mm square. This vill not contribute significantly to the resolution if

the sample-to-detector distance is graater than 3 ❑ . The 3He detector,

hovever, has an rms resolution of nearly 4 mm, and also somevhat lover
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Fig. 1. Elevation viev of the MM Diffractmter.
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efficiency than the Anger camera; we expect to use this detector only until

the new and larger Anger camera is built.

2. Design Criteria

The parameter of interest in a small-angle experiment is the ❑ omentum

transfer, Ml, which is inversely proportional to the wavelength and

approximately proportional to the scattering angle. The primary requirement

of the instrument is to be able to take st&tistically significant data at a
-1

minimum value of o of the order Omin = 0.003 A . With AU = 8 A, the

❑inimum scattering angle is
Amaxamin

e = —= 3.8 mrad
❑in 2H

We also require an rms resolution at least as good as 30% at Qmin, so that

the standard deviation of 0 must be

‘e < 1.15 mrad.

These angular criteria establish the relative sizes of the collimator

apertures.-”

An obvious design goal is to maximize the counting rate of an

experiment. Once the angular parameters are determined, however, there is
4); for instance;very little which can be done to affect the flux on sample

if the instrument is shortened to gain flux by the l/R2 increase of solid

hangle, then the area of moderator seen at any point on the ample must be

decreased by exactly the same factor to maintain resolution. For a given

❑oderator surface brightness (n/cm2/ster/s), the only way to increase

intensity is by increasing the sample size, up to the liait that the full

moderator surface is being used. Since frame overlap (RS well as the

available space in the experimental hall) limits the scale f:ctor by which

the design can be ❑ultiplied, t’le only vay to inclease sample size is

through use of ❑ultiple-aperture collimators.

The third criterion is to allov an ●xtended dynamic range in O, up to

at least I.oA-l. This is readily accomplished by utilizing a wide band of

the pulsed source wavelength spectrum, and by using an araa detector

covering a reasonably large angular range. Ve will be able to record all

wavelengths longer than 0.3 A, relying o,] time of flight to eliminate the

power pulse. We have also allowed for the possibility of including a filter

to ●liminate the high-anergy neutrons to reduce backgrounds for ●xperiments

using only long wavelengths,



3.

and

Collhator Aperture Sizes

Optimization of the variance of the scattering angle due to ❑oderator

sample collimation requires that 5)

77 ( ‘1 + ‘2 2
r+2 = )‘2 ‘

or that the root-mean-square radii of the ●oderator and sample are

proportional to their respective distances from the detector, vhere LI is

the incident flight path length and L2 is the sample-to-detector distance.

We choose path lengths based on practical considerations, and hunt for

aperture sizes vhich satisfy the above criteria. If the result is

unsatisfactory, we Pan ❑edify the path lengths

Since the geometry is additionftlly complicated

defining ●pertures from the source and sample,

evaluat. and optimize the variance. A typical

L2 - 3.75m) is

and repeat the procedure.

by the separation of the

a Honte-Carlo code was run to

result (for L1 = 8.75 ❑ and

RI = 5.47 mm, R2 - 3.03 mm,

producing penumbra radii at the ❑oderator and sample of

RM = 16.2 mm, R~ - 3.6 mm .

4. ?lultiple Apertures

These moderator and sample sizes do not take full advantage of the

available source area. Hultiple aperture sets, all contierging to the same

poir.t at the detector, increase the intensity without affecting the

resolution. Figure 2 illustrates a set of 7 holes to ❑atch the size of the

moderator (120 mm x 120 mm) and to illuminate n sample 36 mm in diameter.

Intermediate beam scraping baffles are required to prevent neutrons crossing

from one imaginary tube to another in the ❑ultiaperture system. The

“Primary Path” pipe in fig. 1 vill contain a rotating assembly to allov

three different collimators, probably with one, seven, and nineteen holes,

respectively.

5.

0.5

the

Dynamic Gravity Focusing

At 24 Hz, neutrons recorded at the end of the frame vill have fallen

mmunder the influence of gravity. Rather than increasing the si~e of

baam stop, ve want to select the neutrons vhose parabolic trajectories

strike the detector at its center; the ‘Gravity Focusing” device ‘,ndicated

in fig. 1 does this by pushing the collimator axit aperture plate upvard

during each beam p~lse. The ❑aximum excursion (for 13 A neutrons) is
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,25Y “’”2”Hultiple-qwrture converging collimator system. The entr~ce ~d
exit aperture plates define seven beams which individually and
collectively converge at the detector. Intermediate beaa acraper~

/- prevent crosstalk. (The dimensions shovn are for an ●arner design
than fig. 1.)



0.82 aIIR. Without correction, the droop at the detector would be 4 ❑m. Also

note that the beam-scraperapertures ❑ust be enlarged to include all the

trajectories to be used.

The hydraulic servoamplifier system for the gravity focusing has been

ordered, and ve hope to have it working in early 1987.

6. -pie ChmdMr

The vacuum chamber at the sample position is 300 mm in diameter and

45@ mm high. There are access flanges on the top, bottom, and both sides.

A remotely controlled sample changer will be provided, as well as controlled

humidity and temperature environments.

For experiments requiring larger or highly specialized environments,

the sample chamber and the pipe spool attached to it may be removed,

providing an open length of 1 m.

7. Detector

The detector represented in fig. 1 is an Anger camera. The SO-MM thick

optical glass disperser plate is used as the vacuum vindov, so that there

are no vindovs in front of the scintillator. The detector a.ea (300 mm x

450 mm) is off-center to increase the dynamic range. A 9 x 7 array of

ph~tomultipliers detects about 700 photons from each neutron capture in the
6

Li-loaded glass scititillator, and linear combinations o: the signals

identify the location of each individual event. Using our optimized
6)

enc6di~ scheme , the time per event has been reduced (from the value of

several us in the standard Anger camera) to only 0.4 us. This is very

significant because of the high instantaneous data rates expected at LANSCE.

Furthermore, the encoding in different parts of the detector ❑ay be done in

parallel, so that simultaneous events may be recorded.

The Anger camera is expected to meet our design requirements, but is

s?ill under development. As a temporary alternative detector, ve have
3purchaaed a He position-sensitive proportional counter from the Risd

7)
National Laboratory in Denm~rk .

8. Test vith Anger Camera.

In December, 1985, the LQD vas assembled using a previously used

shutter and collimator 8) In order to test the liquid hydrogen moderator and

a~so the behavior of the Anger camera vhen placed in the direct neutron

beam. The nev and old parts of the instrument were not veil aligned with

each other, hovever, and thare vas not enough memory to record the whole

detector in two dimensions. Coupled vith tlw (expee:d) early-time



saturation of the detector elect~cmics, this made it impossible for us to

measure the beam position or the detector resolution. The saturation has

subsequently been improved by decreasing time constants in the

photomultiplier preamplifiers. The detector did “survive” in the direct

neutron beam (at 10 VA proton current), and at times later than 2 ms gave a

measurement of the flux from the liquid hydrogen moderator (fig. 3). This

spectrum shows the peak of intensity at 14 meV (below vhich ortho hydrogen

is transparent to neutrons), Bragg absorption edges in the aluminum vessel

of the moderator, and a long-wavelength distribution which is similar to a

Haxvellian.

40 ~

Fig. 3.

-/’”71

E (meV)
Id

Long-vavelength spectrum from the liquid hydrogen moderator. No
corrections have been made for detector efficiency, or for
absorption in the aluminum vessel. There is a quasi-tlaxvellian
tail Correst)ondintz to about 30 K, but the dominant feature is the
peak at 14 ;eV re;ulting from

9. Test vith the 3He Detector.

The instrument was reassembled in

test run was made in September, 1986.
3nevly acquired He detector from Ris~.

transparency of ortho hydrogen.

nearly its final form and another

The detector in this case was the
6

A beam stop of pressed LiF, 25-mm

diameter by 30 mm long, vas attached to the front of the detector. Hove.’er

ve did not yet have the entrance aperture of the collimator installed, so

the neutron beam was much larger and only 1/3 to 1/2 of the beam was

intercepted by the beam stop. We placed about 10 cm of Pb at the sample

position to attenuate the beam and to scatter neutrons into the full

detector area.

The preamplifiers on the vertical dimension of the detector, purchased

from Ordela, Inc., vhich vere designed fot use on position-sensitive



detectors, shoved no signs of saturation at the time of the proton pulse.

Unfortunately we had damaged the horizontal preamps, and an attempt to

replace them with “standard” preamps failed because they saturated and

remained dead for longer than the 38.6 ms counting frame. Thus although the

data acquisition system vas capable of recording a full 2-M~ord histogram

(283 time channels x86 X-bins x 86 Y-bins), ve vere unable to encode the

X position. Each value of Y represents a strip across the circular detector

face. Figure 4 shows observed time spectra at several vertical positions

for 8 hours of beam at 22 vA. At Y = 50 there is a large contribution from

the direct beam since it vas larger than the stop. The first four Bragg

edges of Pb are marked. At short wavelengths, the transmission of the Pb is

8%, and the othe: 92% of the beam is multiply scattered into 4JC ster.

Figure 5 is a summation cf the wavelength band from 1.2 to 2.8 A, plotted

vs. vertical position. A Gaussian has been drawn through the direct beam

profile. At wavelengths longer than 5.7 A ve observe the full beam vith

only small-angle scattering, as illustrated in fig. 6 for a wavelength of

12 ~. Note that the beam center is considerably lower on the detector, due

to gravity.

10. Future Schedule.

The single-aperture collimator will be completed and a variety of

calibration samples vill be run in December, 1986. Guided by the results of

those tests and the tests already performed, the instrument vill be

completed during the folloving six-month shutdovn of LANSCE. The gravity

focusing mechanism and the multiple-aperture collimators vill be ins ailed,

a small scintillator monitor detector vill be mounted at the center of the

beam stop in front of the main detector, the nt=v Anger camera vill be built,

and a filter vill be designed to be placed before the collimator entrance

aperture. Nev permanent shielding vill be installed around the detector and

around the collimator apertures. We vill also be developing and adapting

softvare to analyze the 1986 data and to be prepared for the 1987 run cycle.

The instrument should be fully operational and ready for outside

experimenters by the end of 1987.
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Thare was 10 c= of Pb in the beam, Ieadintl to both large-
Call-angle sc.atteringl and to strong Bragg effects,
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Fig. 6. Count rate as as function of vertical position, at A - 12 A. At
this time the beam has fallen far enough to be centered on the beam
stop. Small-angle scattering from the 10-cm Pb sample is apparent.
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